D O N AT E L L A Z O N A
G lobal warming is causing tundra ecosystems to undergo hydrological changes as a result of thawing of the underlying permafrost 1 -the permanently frozen soil layer that acts as a barrier to soil drainage. Thawing of permafrost can cause a reduction in soil moisture through increased soil drainage. The effect of these changes on the fluxes of greenhouse gases (carbon dioxide and methane) released from the Arctic is of great concern, because a vast amount of carbon is stored in this permafrost-dominated region. But our understanding of how hydrological changes in the Arctic affect net greenhouse-gas emissions has been limited by the short-term nature of previous experiments and available observations. Writing in Biogeosciences, Kwon et al. 2 report the long-term effect of drainage on vegetation and CO 2 flux by returning, after a decade, to a site in the Russian Arctic that was experimentally drained.
Soil moisture is a dominant control on the carbon balance of tundra ecosystems -the amount of carbon released to the atmosphere through respiration versus the amount stored in vegetation through photosynthesis. This is because soil moisture tightly controls the growth and metabolism of microbes that degrade organic carbon in soil, and which thus produce CO 2 and methane. Several experiments have tested the impact of either flooding or draining on greenhouse-gas fluxes from Arctic tundra, a few of which were performed on a large ecosystem scale 3, 4 , but only over the course of a few years. Kwon and colleagues' study is the only large-scale drainage experiment performed in the Russian Arctic, and the only large-scale study to look at the effect of drainage after more than just a few years.
The authors report that drainage has increased the temperature in near-surface soils, whereas the temperature of the deeper soils has fallen. Drier soils conduct heat less effectively than wetter ones, and the upper soil layers have therefore accumulated heat, warming more than deeper soils. The warming of near-surface soil layers is expected to increase soil respiration, because these layers are the richest in easily decomposable organic matter. Sure enough, the authors found that surface warming has stimulated decomposition and CO 2 loss.
Kwon et al. also noted that drying of the soil increased the abundance of shrubs and Carex sedges, which do well in dry environments, and decreased the abundance of cotton grass (Eriophorum angustifolium), which flourishes in wetter soils. This 'shrubification' is consistent with that previously reported in Alaska 5 and across the Arctic in general 6 . Such increases in shrub abundance might boost the productivity and CO 2 uptake of tundra ecosystems. However, the authors report that the net effect of drainage in their study is an increase in the amount of CO 2 emitted to the atmosphere, which will ultimately magnify climate change.
Importantly, Kwon and colleagues show that the increase is highest during the cold season, a notoriously under-studied part of the year in tundra ecosystems. Cold-season emissions are seldom measured in the Arctic because of the logistical difficulties in collecting such measurements, but such emissions can be a dominant component of the overall carbon balance [7] [8] [9] . The authors compared the drained site with a nearby un drained site, an approach that adds greatly to our understanding of the long-term implications of hydrological changes on tundra ecosystems. Ideally, the two sites would have been measured and compared before one of the sites was manipulated. Unfortunately, these baseline data are missing, and so there is no information about differences between the sites that might be due to factors other than drainage. Tundra ecosystems can show substantial differences in vegetation and the depth of the water table, for example, over distances of a metre or less. However, the area studied by Kwon et al. is more homogeneous than many tundra sites, which probably limits the effect of such spatial variability.
The study would also have benefited from the inclusion of measurements of methane flux from the tundra, because methane might be a crucial component of the carbon balance 
Long-term effects of permafrost thaw
Carbon emissions from the Arctic tundra could increase drastically as global warming thaws permafrost. Clues now obtained about the long-term effects of such thawing on carbon dioxide emissions highlight the need for more data.
The net effect of drainage in this study is an increase in the amount of CO 2 emitted to the atmosphere.
as lack of knowledge, risk aversion and labour shortages. In reality, focusing on yield can expose farmers to increased risk of crop failure or food insecurity 7 . Farming is a risky business, and farmers might need to minimize variability across their entire operation 5 , or they could prioritize income from off-farm employment as a primary strategy to achieve household food security 8 . Increased productivity resulting from technology-transfer programmes does not necessarily correlate with a decrease in poverty or an increase in overall well-being for farmers 9 . Even global analyses of yield gaps indicate that closing gaps might not be economically rational for farmers 2, 4 , and that yield-gap assessment must be accompanied by analyses of markets, policies and other institutional factors 5 . This project clearly provides a well-received and effective set of tools for improving farm management, inspiring both private-and public-sector engagement throughout the region. However, some of the other outcomes presented by Zhang et al. might be more valuable than crop yields as indicators of the project's success. For example, compared with farmers in control villages, those involved with the programme in project villages displayed substantially better agricultural knowledge and achieved higher nutrient and water-use efficiencies, indicating increased access to appropriate information and technology. The creation of pathways for communication between farmers, farming educators, and researchers is crucial to the success of small farms. Successful participatory interventions can boost yields, but they also allow farmers to make more-informed decisions about trade-offs, risks and livelihood strategies.
A seminal paper 2 on the topic referred to yield gaps as "a concept". The question raised by Zhang and colleagues' work is how that concept can best be used in the service of smallscale farmers. If the goal of closing yield gaps can be used to improve the transfer of information and technology to farmers, as it seems to have been in this case, that might be enough. ■
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W hen I feel thirsty, I drink water. But given the prominence of water intake in my daily life, I dedicate very little time to understanding the biology behind it. Why do I feel relieved almost immediately after drinking a glass of cold water? Why do I drink with every meal? Why do I find myself drinking at particular times each day? In this issue, Zimmerman et al. 1 and Gizowski et al. 2 shed light on these questions by defining the neuronal subtypes that mediate anticipatory thirst in mice.
In 1953, a pioneering study 3 demonstrated that injections of salty solutions into the hypothalamus of goats' brains elicited copious drinking behaviour, implicating the brain in thirst regulation for the first time. Later, pharmacological and lesion manipulations 4, 5 revealed the importance of brain structures called the circumventricular organs (CVOs) to drinking behaviour. These organs have extensive vasculature and lack the normal blood-brain barrier -as such, they are a site of integration between the central nervous system and peripheral blood, allowing any water imbalance to be readily relayed to the brain.
A study last year 6 revealed that manipulation of populations of neurons in a CVO called the subfornical organ (SFO) can promote or preclude water intake in satiated or thirsty mice, respectively. However, the activity of these populations under physiological conditions remained elusive. In the first of the current studies, Zimmerman et al. (page 680) used a monitoring technique that allows for real-time recordings of molecularly defined groups of neurons in freely moving mice. These recordings revealed that overnight water restriction, which leads to a fluid imbalance, robustly stimulated activity in thirst-regulating neurons in the SFO.
Not surprisingly, when the authors presented thirsty mice with water, the animals promptly began drinking. Remarkably, however, SFO neurons were significantly inhibited as soon as the animal engaged in drinking behaviour. Unlike hypothalamic hunger neurons 7, 8 , which respond when an animal merely sees or anticipates food, rapid silencing of SFO neurons was not observed if the dehydrated subject could not directly access the water source -neither the sight of water, nor conditioned cues associated with water reward, altered the activity of the of tundra ecosystems. The original drainage experiment 3 a decade earlier did indeed examine the impact of drainage on both CO 2 and methane fluxes. A follow-up study would be useful to fill the gap in the current findings.
Kwon and co-workers' results illustrate the value of long-term studies in the Arctic, but they also highlight the paucity of long-term data, which limits our ability to predict the effect of environmental change on greenhousegas fluxes in tundra ecosystems. Observations and manipulations over decades and across a variety of sites in the Arctic are required to understand and predict more fully the longterm effects of climate change on ecosystem functions. That would enable a better assessment of the applicability of research results such as those of Kwon and colleagues.
Unfortunately, given the costs of doing research in this region, funding agencies tend to support projects of only 3-5 years -hardly long enough to provide even a first glimpse of the impact of climate change. Long-term studies would be possible only through a collaboration of research groups, with several funding agencies sharing the financial burden.
Maintaining long-term research across the Arctic should be a priority. Large-scale collaborative projects could be the way forward. For example, in the INTAROS project, which is funded by the European Union, various research groups are joining forces to develop an integrated Arctic observation system that extends, improves and unifies existing systems in different regions of the Arctic. It is to be hoped that this effort will be followed by increased collaboration between other funding agencies and research groups across the area. ■ Figure 1 | Bring a mouse to water. Two studies reveal how water balance is maintained in mice by neural pathways that mediate thirst. Zimmerman et al. 1 report that neurons in a brain region called the subfornical organ (SFO) mediate anticipatory thirst (pathway indicated in blue). SFO neurons are activated when mice are dehydrated. This activity is almost immediately inhibited by drinking, owing to unknown signals that stem from the oral cavity, and which might act through a region called the trigeminal ganglion. Gizowski et al. 2 find that signalling by the hormone vasopressin from the brain's suprachiasmatic nucleus (SCN) to the organum vasculosum lamina terminalis (OVLT) promotes thirst before sleeping (pathway in red).
Donatella Zona is in the Department of

